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Role of FoxD3 in maintenance of pluripotency and early lineage
segregation in human embryonic stem cells
Brigitte Arduini, Ali H. Brivanlou
The Rockefeller University, Lab of Molecular Embryology, New York,
NY, USA
Among the earliest fate decisions in mammalian development are
those between extraembryonic tissues, including primitive ectoderm
and endoderm, and the epiblast, which gives rise to the embryo
proper. Subsequently, epiblast cells generate definitive endoderm,
mesoderm, and ectoderm. The transcription factor FoxD3 has been
intimately linked to extraembryonic ectoderm (trophectoderm),
definitive endoderm and mesoderm development, cell fate diversi-
fication in the neural crest, and maintenance of mouse epiblast and
embryonic stem cells. Yet virtually nothing is known about its role in
human development. Using stable transgenesis in human embryonic
stem cells (hESCs), we have undertaken conditional gain- and loss-
of-function analyses of the role of FoxD3. Knockdown of FoxD3 in
conditions that otherwise maintain pluripotency leads to down-
regulation of pluripotency genes and morphological changes in
hESCs. These changes are accompanied by increases in genes
expressed by definitive endoderm and mesoderm, as well as
decreases in colony growth rate. Further, loss of FoxD3 function
abrogates BMP4-induced differentiation of trophectoderm from
hESCs. Similarly, overexpression of FoxD3 causes significant reduction
in oct4 and nanog expressions. These cells upregulate snail2
expression, a hallmark of epithelial-to-mesenchymal transition,
undergo dramatic morphological changes, and are loosely packed
compared to the tight conformation of undifferentiated hESC
colonies. Together, these data suggest that an optimal level of FoxD3
expression is essential for maintenance of pluripotent hESCs, and that
tipping this balance in either direction leads to rapid differentiation
toward distinct early embryonic lineages.
doi:10.1016/j.ydbio.2011.05.327
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ZNF 281 decides the early differentiation fate of human
mesenchymal stem cells
Kwang-won Seoa, Seon-Kyung Leeb, Dilli Ram Bhandarib,
Sang-Bum Parkb, Kyung-Hwan Rohb, Se-Ran Yangb, Kyung-Sun Kangb
aSeoul National University College of Vet. Med.,
Adult Stem Cell Research Lab, Seoul, Republic of Korea
bSeoul National University, Seoul, Republic of Korea
ZNF281 is one of the core transcription factors in embryonic stem
cells (ESCs), which has activation and repression roles in the
transcription of ESCs' genes. A known target molecule of Zfp281
(mouse homologue of ZNF281) is Nanog. However, NANOG does not
express in almost human mesenchymal stem cells (hMSCs). Here, we
showed the roles of ZNF281 with the gain and loss of function study.
The knockdown of ZNF281 resulted in spontaneous osteo-chondro-
genic differentiation and reduced the proliferation of hMSCs, which
were confirmed by in vivo and in vitro experiments using cell
morphology and molecular markers. When ZNF281 knocked-down
hMSCs were subcutaneously implanted with β-TCP in mice, most of
the cells were converted into osteoblasts within four weeks. The
over-expression of ZNF281 in hMSCs resulted in accelerated pro-
liferation. The expression pattern of ZNF281 was well correlated with
the expression of β-CATENIN during differentiation and gain/loss of
function study in hMSCs. The binding of ZNF281 to the promoter
region of β-CATENIN was confirmed using Chromatin Immuno-
Precipitation (ChIP) assay. In conclusion, we propose that ZNF281 is
essential to the maintaining of stem cells via transcriptional
regulation of genes including β-CATENIN.
doi:10.1016/j.ydbio.2011.05.328
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Polycomb a potential barrier to de-differentiation in somatic
plant tissue
Vlad Nicolaescu, Jocelyn Malamy
University of Chicago, Chicago, IL, USA
Terminally differentiated cells lack the ability to differentiate into
other cell types, evenwhen given the appropriate differentiation signals.
This suggests that a barrier exists in terminally differentiated cells to
prevent them from losing their identity, or de-differenting. Under-
standing the mechanism underlying this barrier will shed light on the
process of differentiation during normal development, and will
contribute to attempts to de-differentiate somatic cells for the creation
of therapeutic stem cells. Plants provide a compelling system to study
de-differentiation, as certain plant cells readily de-differentiate in
response to plant hormones to create masses of unorganized cells
known as “callus”. We used the Arabidopsis root to study the barriers to
de-differentiation, as only one cell type in the root dedifferentiates to
form callus in response to exogenous hormones. Our approach was to
look for genes whose mutation leads to “ectopic” callus formation from
the other cell types, indicating a release of the de-differentiation barrier.
We hypothesized that the Polycomb group proteins (PcG) may play a
role in preventing cell dedifferentiation as certain PcG mutants in
Arabidopsiswerepreviously reported to showhallmarksof spontaneous
cell de-differentiation. Excitingly, we found that mutation of the
polycomb protein LHP1 leads to ectopic callus formation. In addition,
defects in LHP1 and other PcG genes increased callus formation in its
normal location. These results indicate that, in Arabidopsis, PcG is an
essential component of the barrier to cell de-differentiation.
doi:10.1016/j.ydbio.2011.05.329
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stem cells
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Mouse trophoblast stem (TS) cells established from the outgrowth
of the polar trophectoderm of a blastocyst or the extraembryonic
ectoderm of a post-implantation embryo can contribute to all
trophoblast lineage derivatives in vivo, providing a powerful in vitro
system for the study of trophoblast stem cell self-renewal and
differentiation. Although it is known that Transforming Growth
Factor (TGF)-beta/Nodal-related signaling together with FGF4 signal-
ing is critical for TS self-renewal, the function of Smad4, the central
mediator of TGF-beta signaling pathway, in TS cell is not well
understood. To investigate the role of Smad4-dependent signaling in
trophoblast lineage development, we derived smad4 null TS cells
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from mutant blastocysts. Here we show that Smad4 null TS cells
cultured under undifferentiated stem cell conditions fail to maintain a
typical epithelial morphology, display abnormal junctional complex
organization and up-regulate the expression of some key mediators
of epithelial-mesenchymal transition. Smad4 null TS cells are also
more prone to differentiation into trophoblast giant cells upon
withdrawal of mitogenic signals. Additional experiments are under-
way to examine the cellular properties of these mutant cells and
Smad4-dependent changes in gene expression that could potentially
underlie the observed changes in the mutant TS cells.
doi:10.1016/j.ydbio.2011.05.331
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genomics study in planarians
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Planarians possess extraordinary abilities to regenerate complete
animals from small tissue fragments. However, in contrast to most
flatworm species, the planarian Procotyla fluviatilis is limited in its
ability to restore lost structures, failing to regenerate heads when
amputated in posterior tissues. To identify the critical mechanistic
failure in P. fluviatilis regeneration, the early stages of regeneration
following amputation have been compared in tissues with different
regeneration potentials. While the earliest regenerative phases, such
as wound healing and cell proliferation, appear to occur in
regeneration-deficient tissues, later signaling processes fail to
happen. To examine and contrast global changes in gene expression
at this critical time point, we have conducted comparative transcrip-
tomic analyses using RNAseq. Genes upregulated in regeneration-
proficient tissues yet not expressed in regeneration-deficient tissues
have been identified as candidates with putative functions important
to the regeneration process. The specific roles of these genes are
currently being determined using RNA interference in P. fluviatilis as
well as in the related regeneration-competent planarian Schmidtea
mediterranea in an attempt to identify the permissive and/or
inhibitory factors involved in planarian regeneration.
doi:10.1016/j.ydbio.2011.05.332
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A neuronal calcium channel mediates posteriorizing cues during
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The planarian flatworm is capable of regenerating an entire animal
from as little as 1/279th of a body fragment. This process requires that
pluripotent stem cells (neoblasts) throughout the worm migrate,
proliferate and differentiate into multiple cell types. The molecular
cues that control the expansion and differentiation of neoblasts into a
complete body plan remain largely unknown. Recent reports have
implicated ion transport, gap junctions and morphogen signaling in
the posterior patterning of the primary axis. Here, we have identified a
role for a neuronal voltage-operated Ca 2+ channel, Ca v 1B, in
regulating anterior–posterior polarity at an early time point during
regeneration of the planarian Dugesia japonica. First, loss of Dj-Ca v 1B
function by RNAi was shown to potentiate the efficacy of multiple
agents in anteriorizing regeneration. For example, the ability of the
drug praziquantel to yield two-headed regenerants increased within a
Ca v 1B RNAi background in all types of fragment examined. Second,
the effects of Ca v 1B RNAi quantitatively phenocopied results derived
from Hedgehog RNAi assays, suggesting functional coupling with the
same posteriorization pathway. This linkage was further supported by
co-localization data. Finally, the timing of this Ca 2+ dependant
posterior determinationwas resolved to occur within the first 3–6 h of
regeneration, underscoring the importance of Ca 2+ regulation of
posterior patterning at an early timepoint. In summary, the neuronal
Ca 2+ channel, Ca v 1B, functions at a regulatory nexus impacting early
posteriorization signaling during D. japonica regeneration.
doi:10.1016/j.ydbio.2011.05.333
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A screen to identify genes involved in regeneration of the
planarian nervous system
Amy Hubert, Martis W. Cowles, Matthew R. Taylor, Ricardo M. Zayas
San Diego State University, San Diego, CA, USA
Planarians are excellent organisms to examine the molecular
mechanisms underlying tissue regeneration. These animals possess a
large population of adult pluripotent stem cells (called neoblasts) that
allow them to replace any tissue type following amputation. Following
any type of injury, the neoblasts proliferate and form a regeneration
blastema, where these cells differentiate to replace the lost tissues.
Remarkably, these animals are capable of regenerating their central
nervous system (CNS) and regaining normal function.We are capitaliz-
ing on the regenerative capacity and experimental tools available for the
planarian Schmidtea mediterranea to investigate genes involved in CNS
regeneration. Using custom microarrays representing approximately
17,000 unique S. mediterranea transcripts (Wang et al., Genes Dev. 2010
24 : 2081–92), we have identified more than 1000 genes that are
differentially expressed at various stages of head regeneration. To
determine which of these genes are expressed in the intact and
regenerating nervous system, we are currently performing a high-
throughput whole-mount in situ hybridization screen. The expression
screen has served to validate microarray results and has revealed genes
robustly expressed in the CNS, neoblasts, and/or the regeneration
blastema. We have recently initiated RNA interference experiments to
evaluate the function of genes with expression patterns of interest. Our
aim is to identify genes with a role in neuronal differentiation,
maintenance, or patterning of the differentiated CNS. [This work was
supported by a CIRM New Faculty Award II RN2-00940-1 to R.M.Z.]
doi:10.1016/j.ydbio.2011.05.334
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Characterizing the role of Eg5 kinesin on mediating neural stem
cell division in the developing zebrafish neural tube
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Stem cell proliferation must be tightly regulated, especially during
early developmental stages such as neurogenesis. In a genetic screen
designed to identify essential genes required for astroglial (neural stem
cell) development in zebrafish, we found that a loss of the kif11 gene
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